Parasite culture and transfection
The D10 and 3D7 strains of P. falciparum were obtained from the Walter and Eliza Hall Institute (Melbourne, Australia). Parasites were maintained in vitro in human O+ erythrocytes at 4% hematocrit in RPMI-1640 (Sigma) supplemented with 25 mM HEPES (EMD Biosciences), sodium bicarbonate (Sigma), 50 mg/L hypoxanthine (Sigma), and 0.5% Albumax (Invitrogen) (S4) . Sorbitol-synchronized ring-stage parasites at 5-10% parasitemia were transfected with ~100 !g plasmid DNA by electroporation. Following transfection, parasites were maintained with 0.5 µ! Shld1 and stable single crossover parasites were selected by cycling on and off WR99210 (Jacobus Pharmaceutical Company), as previously described (S5) . After 3 cycles of 4 weeks on drug and 4 weeks off drug, single crossovers were obtained for all constructs. Stable transfectants with modifications to the PfCDPK5 locus were cloned by limiting dilution. For parasite replication curves, sorbitol-synchronized ring-stage parasites were washed twice to remove Shld1 and seeded at an initial parasitemia of 0.25% in the presence or absence of 0.5 µ! Shld1. Parasitemia, defined as the percent of erythrocytes with parasites, was determined by microscopy every 2 days.
Construction of plasmids
All plasmid constructs were verified by sequencing. Primers are listed below. The destabilizing domain (DD TM with D79G-P93S-D100R mutations, formerly named FKBP #29) was PCR-amplified (oJDD52/oJDD69) from pTW118 (S6) and cloned into a single crossover vector with the Pfhsp86 3' UTR as an XhoI/Acc65I fragment (resulting plasmid pJDD35). The targeting sequence for PfCDPK5 was PCR-amplified from 3D7 gDNA with oJDD65/oJDD66 and cloned into the DD TM vector as a NotI/XhoI fragment (resulting plasmid pJDD44). For the HA-DD TM vector, the HA tag was inserted by annealed oligos (oJDD100/oJDD101) into pJDD35 (resulting plasmid pJDD41). The PfCDPK5 targeting fragment from pJDD44 was subcloned into pJDD41 (resulting plasmid pJDD112). The PfCDPK4 targeting plasmid (pJDD43) was made similarly with oJDD63/oJDD64 for PCR amplification. For expression of recombinant protein in E. coli, the coding sequence of PfCDPK5 was cloned as a SpeI/XhoI fragment into pET42a (Novagen) with oJDD195/oJDD200 to generate pJDD104. Purification of recombinant PfCDPK5 and kinase assay
The plasmid encoding GST-PfCDPK5-6His was transformed into BL21-Rosetta E. coli (Novagen). Following induction of protein expression, cultured cells were resuspended in lysis buffer (100mM Tris-HCL pH 8.0, 500mM NaCl, 10mM imidazole, 1mM "-mercaptoethanol, 1mM PMSF) and disrupted by sonication on ice. Lysates were clarified by centrifugation and purified over a nickel-NTA column followed by a glutathione affinity column. Purified protein was eluted in elution buffer (10mM glutathione, 500mM NaCl, 10mM Tris-HCL pH 8.0, 1mM dithiothreitol, 1mM PMSF) and stored at -80ºC. For in vitro kinase assays, ~1 µg of recombinant protein was incubated with kinase buffer (50mM Tris-HCL pH 8.0, 50mM NaCl, 10mM MgCl 2 ) with or without 1 µg of artificial substrate (myelin basic protein, Sigma) in the presence of 1.1mM CaCl 2 or 1mM EGTA. Following the addition of ["-32P] ATP, reactions were incubated for 30 minutes at 30ºC, stopped by addition of Laemmli sample buffer, and resolved by SDS-PAGE.
Southern blot analysis
Harvested genomic DNAs were prepared with QIAamp Blood Mini Kit (Qiagen) and digested with enzymes indicated in text and figure legends. Genomic DNAs were digested with NotI and NdeI, resolved on 0.8% agarose gel, transferred to GeneScreen Plus (Perkin Elmer), and hybridized with radiolabeled probe specific for PfCDPK5 (HincII/EcoRV fragment from pJDD44).
SDS-PAGE, biochemical fractionation and immuno blot
For figure 1D , D10-PfCDPK5-HA-DD TM parasites were sorbitol-synchronized at the ring stage, harvested at ring (0-20 h), trophozoite (20-36 h), or schizont stage (36-48 h), released from erythrocytes with 0.15% saponin (Calbiochem) in phosphate-buffered saline with protease inhibitors (PBS/PI) (Roche complete tablets), washed twice in PBS/PI, and lysed in sample buffer. The proteins were resolved by SDS-PAGE, transferred to nitrocellulose, and probed with rat anti-HA at 200 ng/ml. For figure 1E , 44 h saponin-released D10-PfCDPK5-HA-DD TM parasites were washed in PBS/PI (with removal of 10% as "total" sample for direct lysis in sample buffer), resuspended in 0.1M Na 2 CO 3 pH 11 for 20 minutes on ice, and separated into supernatant and pellet fraction by centrifugation at 100,000 xg for 60 minutes at 4ºC. Fractionated samples were analyzed by immuno blot with mouse anti-PfLDH (1:1000), rabbit anti-PfAMA-1 (1:1000), and rat anti-HA (200 ng/ml). For figure 1F , D10-PfCDPK5-HA-DD TM parasites were synchronized as rings, washed to remove Shld1, and incubated [+] or [-] 0.5 µ! Shld1 until 44 h stage. After the addition of 10 µ! E-64 (Sigma) to prevent egress in [+] Shld1 parasites, the cultures were incubated for an additional 10 h and released by saponin treatment. Washed parasite pellets were resuspended in PBS with 0.6% NP-40 (Sigma) on ice, briefly vortexed, and separated into supernatant and pellet fractions by centrifugation at 16,000 xg for 15 minutes at 4ºC. Paired samples were analyzed by immuno blot with anti-HA (protein loading was normalized with antiHistone H3). Relative protein levels were determined with ImageJ. For figure 3A , D10-PfCDPK5-DD TM parasites were synchronized as rings, washed to remove Shld1, and incubated [+] or [-] 0.5 µ! Shld1 until 46-hour stage, purified by percoll, washed in PBS/PI, and lysed in sample buffer. The lysates were analyzed by immuno blot with rabbit anti-PfSUB1 (1:500), mouse anti-PfSERA5 (1:1000), and rabbit anti-PfMSP1-42 (1:500). For supplemental figure 5A, 3D7 schizonts harvested by percoll-purification were either extracted at once (START) or cultured for 6 h in the presence of 2.5 µ! compound 1 or vehicle only (1% v/v DMSO, control) before extraction. Blots were probed with a monoclonal anti-PfMSP1-83 antibody that recognizes PfMSP1 and its PfMSP1 83 processing product.
Visualization of arrested parasites
For figure 2A , ring-stage D10-PfCDPK5-DD TM parasites were sorbitol synchronized, washed to remove Shld1, and returned to culture in the presence or absence of 0.5 µ! Shld1. At the indicated time points, microscope slides were prepared, fixed with methanol, stained with Diff-Quik, and visualized with a 100X oil objective microscope. Representative images were obtained with Zeiss AxioCam with 100X oil objective and percentage of each stage of the parasite life cycle was determined by counting approximately 100 parasites per slide. To determine the number of nuclei per schizont, microscope slides were prepared from 46-48 h D10-PfCDPK5-DD TM parasites grown from the ring-stage in the presence or absence of Shld1. The number of nuclei per schizont was counted in [+] and [-] Shld1 samples as previously described (S7) . Figure  S5 shows the mean +/-S.D. for N=50 schizonts.
For figure 2C , D10-PfCDPK5-DD TM parasites were sorbitol synchronized, washed to remove Shld1, and returned to culture in the absence of Shld1. At ~56 h postinvasion, the arrested schizonts were percoll-purified, washed in PBS, resuspended in fixative (2.5% glutaraldehyde, 2% paraformaldehyde, 0.06 picric acid, 0.1M sodium cacodylate buffer pH 7.4), washed in 0.1M cacodylate buffer, post-fixed with 1% Osmium tetroxide (OsO4)/1.5% Potassium ferrocyanide (KFeCN6) for 1 hour, washed in water 3x and incubated in 1% aqueous uranyl acetate for 1h followed by 2 washes in water and subsequent dehydration in grades of alcohol (10min each; 50%, 70%, 90%, 2x10min 100%). The samples were then put in propyleneoxide for 1 h and infiltrated in a 1:1 mixture of propyleneoxide and TAAB Epon (Marivac Canada Inc.). The following day the samples were embedded in TAAB Epon and polymerized at 60ºC for 48 h. Ultrathin sections (about 60nm) were cut on a Reichert Ultracut-S microtome, picked up on to copper grids stained with lead citrate, examined in a JEOL 1200EX Transmission electron microscope or a TecnaiG# Spirit BioTWIN, and images were recorded with an AMT 2k CCD camera.
Shld1 rescue of arrested parasites
For figure 2D , ring-stage D10-PfCDPK5-DD TM parasites were sorbitol synchronized, washed three times to remove Shld1, and returned to culture without Shld1. For the positive control, 0.5 µ! Shld1 was re-added to the culture media. For the negative control, parasites were cultured in the absence of Shld1 for the duration of the experiment. At the indicated times in figure 2D , 0.5 µ! Shld1 was added to replicate cultures, and the percent parasitemia of rings and schizonts was determined by microscopy. Each condition was done in quadruplicate (shown as mean +/-S.D., N=4). The relative schizont parasitemia was defined as the percent schizont parasitemia in a given sample relative to the mean percent schizont parasitemia in the negative ([-] Shld1) control wells. Similarly, the relative ring parasitemia was defined as the percent ring parasitemia in a given sample relative to the mean percent ring parasitemia in the positive ([+] Shld1) control wells. Parasitemia was determined at ~60 h post-invasion.
Microarray analysis of gene expression
For figure 2E , 3D7-PfCDPK5-DD TM parasites were synchronized as rings, washed to remove Shld1, and grown in the presence or absence of 0.5 µ! Shld1 until the 48 or 54 h time point. At the indicated time points, parasite RNA was harvested by Trizol extraction, prepared, and hybridized to a P. falciparum oligonucleotide Affymetrix array as previously described (S8). Array clustering was performed with Cluster 3.0 and viewed with Java TreeView. Late schizont and early ring expression array data use for comparison is from previously published data (S8).
Physical disruption/merozoite release assay D10-PfCDPK5-DDTM parasites were sorbitol-synchronized as rings, washed to remove Shld1, and plated in replicate (between two and four replicates for 
Supplemental text:
P. falciparum contains 6 CDPKs and the rodent malarias have 5 identified CDPKs. The CDPKs identified in the rodent malaria P. berghei and P. falciparum are syntenic and likely to be orthologous (with the exception of PfCDPK2) (S9). The numbering system for the CDPKs in Plasmodium began with the identification of the second CDPK in P. falciparum, PfCDPK2, by Kappes and colleagues (S10). The numbers of the CDPKs were then added sequentially as the proteins were identified. Following the identification of CDPK4 in P. berghei (S11), a bioinformatic discussion of P. falciparum kinases from Doerig and colleagues (S12) provided the identification of PfCDPK5 and PfCDPK6.
The functions of some of the CDPKs have been identified in P. berghei. In this rodent malaria species, PbCDPK3, PbCDPK4, and PbCDPK6 are necessary for the extraerythrocytic stages including the liver stages and the sexual stages of the parasite (S11, S13). In the blood-stage of P. falciparum, chemical inhibition of PfCDPK1 together with biochemical characterization suggests a role in invasion, gliding motility, and egress (S14, S15).
